A sensitive and selective method based on HPLC-PAD and Quadrupole TOF ESI-MS-MS is presented for quality control of Glechoma longituba, the major bioactive phenolic compounds of which could be quantified simultaneously. LC-ESI-MS was applied for nine fully identified compounds and another eight partially identified compounds in the plant by comparing their mass spectral data and retention times with those of selected standards and literature data. For quantitative analysis, the chromatographic conditions and extraction procedure were optimized in order to ensure the exhaustive extraction of the plant material. The calibration curves for determination of the nine compounds showed good linearity over the tested ranges (r 2 >0.999). Measurement of intra-day and inter-day variability was conducted to assess precision of the method, and their RSDs were between 2.22%-2.92% and 1.35%-2.95%. The RSDs of repeatability and stability were between 0.90%-2.53% and 1.73%-2.94%. The recoveries of the nine compounds were between 94.7%-106.5%, with RSD value ranging from 0.56%-2.88%. These validation results demonstrated the suitability of the method for the precise and accurate determination of the main constituents of G. longituba. The method was used for the quality evaluation of twenty batches of G. longituba obtained from different regions of China. The multi-index comprehensive evaluation method for the different kinds of compounds can ensure the efficacy and safety of the traditional Chinese medicine.
Glechoma longituba (Nakai) Kupr. is a perennial herbaceous plant that is widespread in China. It is recorded as "Lianqiancao" in Chinese and is a well-known Chinese medicinal herb used in the clinic as a detoxicating, choleretic, anti-diarrhea and diuretic agent for jaundice [1a-1b] . A number of bioactive constituents, including phenolic acids (protocatechuic aldehyde, chlorogenic acid, caffeic acid, ferulic acid and rosmarinic acid), flavonoids (luteolin-7-O-glucoside, luteolin, apigenin and acacetin), triterpenoids and essential oil [2a-2e] , have been isolated from the crude drug and identified.
The curative effects of traditional Chinese medicines (TCM) have been attributed to the integrative effects of a number of bioactive components, and a TCM has typical characteristics of the synergistic action of multiple bioactive ingredients [3] . Naturally, therefore, multiple bioactive compounds are chosen as markers for the quality control of a TCM. However, qualitative and quantitative data on phenolic acids and flavonoids (PF) in G. longituba have not yet been reported. Therefore, it is necessary to develop an approach that could be readily utilized for the integral quality control of multiple constituents of G. longituba and its pharmaceutical preparations, such as the famous Chinese patent medicine called Lithagogue Granules (Chinese name, Paishi Keli). In this current study, 17 constituents for qualitative analysis were identified by comparing their mass spectra with those of standards and literature data using HPLC-ESI-QTOF/MS. This method, which is sensitive, rapid, and specific, can be applied for the qualitative identification and quantitative determination of PF in G. longituba and its related preparations to ensure their efficacy and safety.
In order to obtain chromatograms with good resolution of adjacent peaks within a short time, the chromatographic conditions were optimized. Analytical LC columns were employed, which gave satisfactory separation efficiency within a short analytical time. Furthermore, different mobile phases were used and the optimum separation was achieved with acetonitrile and 0.2% formic acid-0.5% tetrahydrofuran aqueous solution using a gradient system. The main peaks were well separated. The results indicated that repetitive injections could result in good peak shape and high sensitivity of the marker compounds under such conditions. Different procedures were tested to obtain an optimal and suitable extraction time of G. longituba. Using PF as the target components, it was found that extraction by NPC Natural Product Communications 2011 Vol. 6 No. 1 17 -20 refluxing resulted in a higher amount of PF than when ultrasonic extraction was used. Therefore, extraction by refluxing was selected. Then, different extraction times and extraction solvents (methanol: water 40%, 60%, 80% and 100%, v/v) were investigated and the extraction efficiency evaluated. Recoveries of PF were best using 80% aqueous methanol for 30 min, extracting twice; this method eliminated analyte impurity peaks.
Both ESIand ESI + were tried for detection of PF. In the negative ion mode, the G. longituba constituents gave better responses for signal intensities and mass spectral characteristics. The total ion current chromatograms in negative ESI mode are shown in Figure 1 (a) and (b) . In the ESI-MS 2 experiment, the molecular weight and elemental composition of each peak was obtained, with an error < 3 mDa, using Masslynx 4.1 software. Then through HPLC retention time, ultraviolet absorption and literature data, peaks 1, 2, 3, 7, 8, 12, 15, 16 , and 17 were identified as PcA, CgA, CaA, FA, LutG , RA, Lut, Api and Aca, respectively, and the possible identities of peaks 4, 5, 6, 9, 10, 11, 13 , and 14 were deduced as 6-C-arabinose-8-Cglucose-apigenin, luteolin-7-diglucuronide, apigenin-7diglucuronide, luteolin-7-O-glucuronide ethyl ester, apigenin-7-O-glucoside, linarin and apigenin-7-O-glucuronide ethyl ester [4a-4e] . This quantitative method was validated according to the ICH guidelines on the validation of analytical methods. A standard stock solution containing the nine markers was prepared and then diluted with methanol to the appropriate concentration ranges for the construction of calibration curves. Calibration curves were constructed by plotting the relative peak area versus the concentration of the corresponding standard. Table 1 shows the results of the standard calibration curves of regression equation and linearity. Good linear relationships and correlation coefficients (r 2 > 0.999) were achieved and found suitable for determination of the nine compounds within the test range.
The limit of detection (LOD) and quantification (LOQ) for each analyte under the chromatographic conditions were the concentrations of the compound at which its signal-tonoise ratios (S/N) were detected as 3:1 and 10:1, respectively. The working solution was determined by serial dilution with methanol. Table 2 shows the results for LOD and LOQ. The intra-and inter-day precisions were investigated by determining each marker compound at one concentration level in six replicates during a single day and by replicating the experiments (sample 9) on three consecutive days. In order to evaluate the repeatability of the method, six different working solutions from the same sample were prepared. Each solution was injected three times. One of them was injected into the apparatus at 0 h, 4 h, 8 h, 12 h, 24 h, 48 h and 72 h within 3 days, respectively, to evaluate the stability of the solution. Variations were expressed by relative standard deviations (RSDs). The results are listed in Table 2 , indicating that the RSDs of the intra-, inter-day, repeatability and stability were all less than 3% for HPLC-PDA. All these data revealed that the described method had an accepted degree of precision.
Recovery tests were used to evaluate the accuracy of the method by analysis of spiked samples at three different concentration levels (approximately equivalent to 0.8, 1.0 and 1.2 times the concentration of the matrix). The recoveries were calculated from the ratio of the measured and added amounts. The results are summarized in Table 2 . All recoveries obtained were high (94.7%-106.5%). The established analytical method was then successfully applied to the simultaneous determination of the nine markers for the quality control of twenty batches of G. longituba from nine provinces of China. The results (Table 3) show that there were differences between the contents of PF in the different samples. Variations in the content of the different markers in different samples were independent of the producing area. For instance, the content of RA varied remarkably in the range of 1.24 mg g −1 to 9.92 mg g −1 from the same province, while the content of Aca was almost the same from the different 
Test solution preparation:
Two g of G. longituba powder, accurately weighed, was placed in a 50 mL glass flask and refluxed with 15 mL 80% methanol for 30 min; this procedure was repeated. The supernatants of the 2 extracts were combined and filtered through a 0.22 μm Nylon syringe filter for analysis.
LC apparatus and conditions:
HPLC analyses were performed on a Waters 2695 Alliance Separation Module equipped with a 2998 photodiode array detector (PDA) together with a quaternary pump solvent management system, an on-line degasser and an auto-injection system (Waters Corp., USA). HPLC separation was achieved using C18 column (250 × 4.6 mm, 5 μm), with a gradient elution program at a flow rate of 1 mL min −1 . The mobile phase consisted of (A) water containing 0.2% formic acid with 0.5% tetrahydrofuran and (B) acetonitrile. The following multi-step linear gradient was applied: 0 min, 10% B; 40 min, 20% B; 60 min, 28% B; 80 min, 34% B; 95 min, 54% B; 100 min, 78% B. The column temperature was maintained at 30ºC. The injection volume was 10 μL, and the peaks were detected using UV at 320 nm.
Mass spectrometry was performed on a Synapt TM Q-TOF (Waters Corp., USA) which was operated using an electrospray source in negative mode [capillary voltage 3 kV, cone voltage 30 V, source temperature 110ºC and desolvation temperature 300ºC]. The MS/MS experiments were performed at variable collision energies (20-40 eV), which were optimized for each individual compound.
